Résumé. 2014 (d). From an analysis of this variation, we obtain the pretilt angle from the region of large thickness, and the anchoring energy from the region of small thickness, a domain which could not be studied with the previous technique. The transition thickness 010F is comparable with the extrapolation length L associated with the surface energy. Typical values of 03A6 and L for rubbed silane coated plates are ~ 0.8 radian and ~ 1 03BCm respectively.
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L'archive ouverte pluridisciplinaire HAL, est destinée au dépôt età la diffusion de documents scientifiques de niveau recherche, publiés ou non, emanant desétablissements d'enseignement et de recherche français ouétrangers, des laboratoires publics ou privés. Abstract. 2014 We extend the wedge technique of Rivière et al. to measure the pretilt angle 03A6 and the (weak) anchoring energy of a nematic liquid crystal oriented on a suitably treated glass surface. The liquid crystal is placed in a wedge shaped space formed by the plate to be studied and a « standard » plate giving a strong homeotropic anchoring. Instead of using a total reflection technique, we measure the optical path difference (0394l) between the ordinary and extraordinary waves, as a function of the sample thickness (d) . From an analysis of this variation, we obtain the pretilt angle from the region of large thickness, and the anchoring energy from the region of small thickness, a domain which could not be studied with the previous technique. The Control and measurement of the tilt angle and the corresponding anchoring energy of the nematic director (i.e., the direction of average orientation) on solid surfaces are topics of much current interest [1] [2] [3] [4] [5] . In particular, a relatively weak anchoring energy is very useful for many physical effects which have applications in practical devices. Earlier studies on this important problem have used various methods, for instance the « Freedericksz transition » technique, i.e., the observation of a volume texture instability under the action of an external electric or magnetic field This instability threshold is sensitive to the anchoring energy on the surface [6] [7] [8] . Ryschenkov and Kleman [9] defects which provides an estimate of the anchoring energy. But it may be difficult to form such defects on a uniformly treated surface. Further, using these techniques, it is difficult to independently determine the angle of pretilt from the symmetry direction of the orientation normal or parallel to the plate. Riviere et al. [10] have used a wedge geometry and a total reflection technique to measure the pretilt and the surface energy. In this paper, we present an analogous method for determining the pretilt and the anchoring energy, using also a wedge geometry, but which involves the measurement of the director orientation at the surface through the measurement of the bulk birefringence. One of the walls of the wedge is the surface of interest while the other gives a « homeotropic » alignment (director normal to the surface) with a strong anchoring energy. Because of the curvature elasticity from the distortion of the bulk of the nematic, the surface torque increases with decreasing sample thickness d, resulting in a well defined departure from linearity for the optical path difference as function of (small) d. For dimensional reasons, the surface anchoring energy is usually characterized by an extrapolation length L [11, 12] which lies in the range of 0.1-10 flm. We obviously expect the departure from linearity in Al(d) to occur when d ~ L. We obtain the pretilt angle from the « thick» region (d &#x3E; L) and the strength of the anchoring around this direction of pretilt from the « thin » region (d L). We have found that the action of rubbing on silane coated glass plates yields a tilt angle which can be varied between 0.2 to 1.1 radian, and a relatively weak anchoring energy, with the corresponding L in the range of -1 to 15 ~. A possible mechanism for the origin of the weak anchoring energy is also suggested.
Consider a nematic liquid crystal cell with a « hybrid» orientation such that the easy axis makes angles equal to ~1 and CP2 on the upper and lower plates respectively, the angles being measured with respect to the normals going into the cell (Fig. 1) . In the present analysis we consi- (Fig. 2) . The angle of the wedge is so small ( ~ 4 x 10-3 rad) that the equations derived above can be used at any d without any noticeable error. We also assume that the surface conditions are sufficiently uniform over the region of interest
We have used DMOAP silane coated glass plates to get a homeotropic alignment on the « upper » surface of the cell. To obtain L1, the corresponding extrapolation length, we have measured the thickness dependence of ~l for a cell whose lower plate has an obliquely evaporated silicon monoxide layer, which is known to give a « strong » anchoring (L2 ~ 0.1 ~m) [10, 12, 13] .
The ~l values were measured using a tilting compensator (Leitz M) in conjunction with a Leitz Fig. 2 [6, 10] . For the purpose of the present investigation, we assume that the homeotropic anchoring remains strong for the rest of the experiments.
We have tried several techniques to obtain a tilted orientation with a relatively weak anchoring. In the present letter we report results on silane coated plates coated plates subjected to a rubbing action on paper. We either rubbed the plates just prior to the polymerization of silane or after polymerization. In the latter case, the plates were cleaned with acetone before rubbing. The rubbing strokes were always given in the same direction on any given glass plate. Figure 3b shows the typical results on Al(d) obtained with plates rubbed after polymerization. It is interesting to note that (i) at large d, the path difference varies linearly with d, but with a slope distinctly lower than that in the case of SiO-silane cells (Fig. 3a) ; (ii) the extrapolation of the linear part does [17] with where In the one constant approximation f(O, 4~) = 1/2 and for small ~, it is easy to show that = L~. Since (1 -K)/(2 -K) f(K, 0) 0.5, and K ~ 0.4, a7 ^~ L2 (Fig. 3b) .
In our case, ~ is generally large, and further, we cannot neglect the elastic anisotropy. Hence we have made calculations on the basis of the exact relations (6) (7) (8) , using the experimentally known values of no = 1.57 for A = 5 461 A [14, 15] , K = 0.37 [15, 16] , R = 0.239 [14, 16] Looking from the plate into the bulk nematic, the director is found to tilt away from the direction of rubbing (Fig. 2) .
In order to understand the mechanism of anchoring we have examined plates rubbed after polymerization under an electron microscope. The surface shows very fine grooves along the rubbing direction, with a width 0.1 ~m. Since in our experiments, the sample thickness is generally much larger than the lateral size of the grooves, we can speculate about the pretilt and weak anchoring of the rubbed silane plates with a naive model. Let us suppose that the easy axis in the grooved region is at a tilt angle 4&#x3E; different from zero and further that the anchoring energy for such a region is somewhat smaller than that in the unaffected silane region (which produces Fig. 4 In conclusion, we have extended the wedge method of Riviere [10] which allows the determination of both the pretilt angle and the corresponding anchoring energy. The wedge method replaces the external field necessary, in the Freedericksz transition technique for instance, by the mechanical stress imposed by a second surface with a different orientation. In Riviere's work [10] , the surface angle was measured by a method of total reflection. The method could only be used for relatively thick samples because the reflection coefficient was calculated from the assumption of the existence of a thick enough homogeneous layer close to the surface. Our new method derives the surface angle from the bulk birefringence of the nematic liquid crystal. This allows us to explore samples of any thicknesses, including in principle thicknesses lower than the wave length of light, which cover the interesting « thin » region, where the thickness d is lower than, or comparable to, the extrapolation length L2 characterizing the surface energy. Using this method, we have measured the pretilt and anchoring energy of rubbed silane coated glass plates. The mean value of the director pretilt angle appear to be ~ n/4, as a result of a competition between the unaffected silane (Ø = 0) region and the grooved region (~ ~ ~/2). The resulting anchoring energy is weaker by an order of magnitude (L2 ~ 1 ~m). We think that our extension of the wedge method is a useful step toward the mastering of surface anchoring for potential application in nonlinear optics, displays, and so on, using nematic liquid crystals.
